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This book is written for the special information of 
Engineers and Firemen who have to. do work on their 
Engines while away from repair shops. It is only what 
its title implies — that is a Ready Reference directing 
what should be done in emergencies. No reasons are 
given why the instructions should be followed, because 
it would make the book too large and clumsy to carry, 
and then it is better for you to study the reasons why, 
asking yourself the question, why should this be done? 
in each and every case. If you are not sure you are 
right inquire of some one who knows. Some of my 
instructions are different from shop practice and are so 
of necessity, because you would not_ have the same 
facilities for doing the work while away from the shops. 
For example : In my methods for dividing valves with 
the stearti chest lids off, it is taken for granted that the 
links lift both alike, that the saddle pin is in proper' 
position, and that the radius or curve of the link is cor- 
rect. Such work must be corrected ill the shops but 
it is not probable that any of these would get out of 
order by ordinary use, and by using the methods given 
the valves will beat square in the place where they are 
mostly used, and in a large majority of cases will be 
correct in every notch, if they ever were right. 

I cannot find time to reply to all of the numerous 
and flattering letters sent me by the readers of the 
Ready Reference. I value those letters very highly and 
I thank the writers with all my heart. It is pleasant to 
me to feel that I have bfeen of some benefit to some 
person. I hear that the book has been a great aid in 
transferring a number of the Boys from the left to the 
right side. I am indebted to Mr. Edmund W. Brown, 
of Savannah, Ga., for valuable items in this edition. 

Very truly yoqrs, 

S. A. ALEXANDER. 
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DISCONNECTING. 

When an engine is to be towed by another engine 
the main rods should be taken off; the valve rods 
should be disconnected and tied to clear the rocker- 
arms. Be careful to put all liners in the strap where 
they belong. In freezing weather if the fire is drawn, 
drain all water out of pumps and injectors as well as out 
of all feed and branch pipes. If there are no frost 
plugs, slack the joints to let the water out. If there is 
danger of water freezing in the boiler run it out of 
both boiler and tank. 



■ <•> ■ 



BLOCKING CROSS-HEADS. 

It is best always when it can be done, to block cross- 
heads at the extreme back end of the guides. On 
some eight- wheel connected engines this cannot be 
done, as the front crank- pin will not clear the cross- 
head key. In this case it is best to block them well 
with piston at front end of cylinder, with valve arranged 
S to cover the ports, or to admit steam into the back end 
I of the cylinder, providing the front part of the valve or 
> front steam-port is not broken, jn which case steam 
I must be in the front part of the cylinder, and have the 
valve-stem well clamped. Cross-heads need not be 
blocked if there is no pressure in the boiler. 5 



'*■*«.• 



— lO — 



PROrE]T YOURSELF FECI APPROACBINS T'RAINS. 



ENGINE OFF TRACK. ^ 

If engine is in such a position as to leave crown S 

sheet or flues unprotected by water, draw the fire ; or j 

if you cannot draw it, smother it with earth or sod, J 

snow or fine coal. Ask head-quarters at nearest tele- [ 
graph office for assistance. 
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CLAMPING VALVE-STEMS. 
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A valve-stem can be clamped usually by screwing up ) 

the nuts on one side only. Where metallic packing is < 

used in the stuffing boxes, you must wedge the valve-rod J 

or tie it in such a position as to bind the valve-stem to f 

prevent the valve moving. You can tell when the valve < 

is in proper position to cover the ports by admitting a } 

little steam into the cylinder and notice that steam does ( 
not come out of either cylinder cock on that side. 
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WATER FOAMING IN BOILER. $ 

S 
Open cylinder cocks. Close the throttle- valve gently 

until the water settles solid, then try how much water 

there is in the boiler. Open the surface cock, if there 

is one. Put pumps and injector to work, if necessary. 

Open the throttle gently and work the foul water through 

the cylinder ; close the throttle often and try the height 

of the water. Be very careful in admitting steam into 

the cylinder, or you will knock the packing down or 

the cylinder-head out. If the cause of foaming is found 

to be grease in the tank, flow the tank over when you 

take water, and if you can get about one-fourth of a 

peck of unslacked lime put it in the tank. A piece of 

blue-stone about the size of a hickory nut, put in the 

hose back of the screen will prevent foaming. This 

can be had in any telegraph office. 
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PUMPS WILL NOT WORK. 

See if there is plenty of water in the tank and that 
the tank- valve is connected ; open the heater cock a 
few seconds, then open the pet cock, then close the 
heater and try the pump, if it will not work then slack 
down the lower pump joint. If the water flows freely 
move the engine about a dozen revolutions, then tighten 
up the joints. Jf the water does not flow freely^ the 
feed-pipe, strainer or hose is choked (inside lining of 
hose may be torn loose) and must be cleaned out. If 
the pump will not work when the water flows through 
the joints, take the lower valves out and see that they 
are free. If you still find nothing wrong the pump 
must be repaired at the shop. 

PUMPS AND INJECTOR FAIL. 

Cover the fire dead. Stop as soon as possible and 
proceed to examine as directed above ; by slacking the 
lower joint of the pump first, you find at once where 
the trouble is. If the water flows freely, you will know 
there is nothing wrong with the tank valve, hose, 
strainer or feed-pipe, and then by running a few revo- 
lutions with the water flowing from the joints you can 
often wash out any small obstruction from under the 
lower valve of a pump. 

If water gets too low to allow time for examination 
draw the fire and notify headquarters from the nearest 
telegraph station. No injector will work well if there 
is the slightest lieak in the feed-pipe, and some will not 
work at all. A very small spark in the steam nozzle of 
an injector will prevent its working. If an injector flies 
off" only when the engine is running fast and works well 
at other times, the hole in the washer at the end of the 
feed pipe is too large ; take it out and try a washer 
with an inch and a quarter hole in. Always examine 
and see that the branch pipe is clear. 
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PUMP CAN BE WORKED WITHOUT PISTON. 

If engine is disabled on one side : as long as the 
main rod, guides and cross-heads are in working order, 
(if the pump arm is attached to the cross-head), you 
can work the pump on that side by taking out the pis- 
ton, leaving the main rod on. 

-■ <■» ■ 

BURST FLUE. 

Reduce the steam pressure and plug the flue. A 
wooden plug will answer if you have no iron plug. 

BLOW-OFF COCK BROKEN, OR HOLE IN BOILER 

FROM ANY CAUSE* 

Stop as quick as possible ; get fire out at once and 
notify headquarters from the nearest telegraph station. 
If desirable, you can make a wooden plug to fit the 
hole, split it at one end, put it in the hole and drive a 
wooden wedge in the split, fill your boiler and fire up, 
and you can go on your way. 

WHISTLE BLOWN OUT. 

Fit a wooden plug in the hole and secure it with any 
kind of a lever, wood or iron, using ropes to secure the 

lever. 

■ <■» ■ /' 
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THROTTLE- VALVE DISABLED, OR CANNOT PRE- 
< VENT STEAM FROM ENTERING THE ^ 

CYLINDER FROM ANY CAUSE. ^ 
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See that the leak is not caused by the tallow cup, steam \ 
cocks being open, if it is not reduce the steam pressure 
low enough to handle the reverse lever. Then use the 
reverse lever and brakes, to control the engine. Try 
to get your train to a siding. Whenever you stop have 
the reverse lever out of gear and use chocks under the 
wheels, /jfth^ throttle-vahe is disabled so that it can" 
not be opened^ if the engine has steam chest tallow pipes 
leading from the cab, you can run the empty engine by 
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using steam from them ; if not, draw the fire and prepare 

the engine to be towed to the shop. In both cases 

notify headquarters from next telegraph station. 

— ■<■»■ 

BROKEN STEAM-CHEST OR BRANCH-STEAM PIPE 

IN SMOKE BOX BROKEN. 

Take out the branch-pipe on that side, bolt a piece 
of plank against the T head, using a piece of rubber for 
a joint. Take down the main rod on that side ; discon- 
nect the valve-rod, and tie or clamp it to clear the 
rocker- arm. Leave your train, and run, under light 

pressure, to next telegraph station and ask for orders. 

— ■ <•» ■ 
BROKEN CYLINDER-HEAD, PISTON, MAIN ROD 

OR STRAP. 

Take down main rod on that side. Block the cross- 
head, disconnect the valve rod, and cover the ports 
with the valve. Clamp the valve-stem, so that the 
valve cannot move. Tie the valve-rod clear of the 
rocker-arm, then you are ready to go with all the train 
you can handle. 
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BOTH FRONT CYLINDER HEADS BROKEN. 

If both front cylinder-heads are broken and nothing 
is wrong with piston or valve gear or their connec- 
tions, an engine can be run by taking off both steam 
chest lids and fitting blocks of wood in the front steam 
ports, then replace the lids and you are ready to go with 
all the train you can haul. 
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BROKEN ROD SET SCREWS. 

If it is required to remove a key from a rod, if the 
set screw is broken and cannot be backed with a 
chisel, if in the back end of a main rod, take the strap 
bolts out of that end of the rod, and block the cross- 
head; then with a pinch bar move the engine until 
the key is loose. If the set screw is broken in a paral- 
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BROKEN VALVE- YOKE OR VALVES DISABLED 
INSIDE OF STEAM-CHEST. 

You can find which side is disabled by getting* ^ne 
cross-head in the centre of the guides On either side 5 
then admit a little steam into the cylinders, and move 
the reverse lever to its extreme points both ways. If 



lei rod, take the bolts out of the strap where the screw ^ 
is broken, block the other drivers and with pinch bars J 
slip the wheels until the screw is loose. } 



BROKEN CROSS-HEADS. \ 
Take down main rod : disconnect valve-rod on that 

side If the piston is broken, cover the ports with valve, f 

clamp the valve-stem, tie the valve-rod to clear the ? 

rocker-arrft ; you are then ready to go with all the train ; 
you can haul. If the piston is not broken, push it 

against the front cylinder head and block the cross- . 

head. If the cross-head is broken so that it cannot be \ 
blocked, take the piston out, or if you cannot take it 
out push it against the front cylinder-head and arrange 

the valve so as to admit steam into the back end of the ^ 

cylinder and clamp the valve-stem well. ^■ 



BROKEN SMOKE BOX FRONT. 

Board it up close, using the front end bolts to hold 
the boards. 

ECCENTRIC, ECCENTRIC-ROD OR STRAP BROKEN. 

Take both eccentric rods and straps down on that 
side. Cover steam-ports with valve ; clamp the valve- J 
stem so that the valve cannot move. Take down the < 
main rod and block the cross-head. 
^ It is not always necessary to take down the back 
, 'motion, eccentric- rod and strap, when the forward 
motion is disabled, but the link- lifter must be discon- 
nected. 



r 



— IS— 

I PROTECT YOURSELF FROM APPROACHING TRAINS. 

s.team does not come alternately from both cylinder- 
cocks on the side that is on half-centre as the reverse 
lever is moved, that side is disabled ; then take off the 
steam chest lid. If the vahe-yoke is broken place the 
valve in the chest so as to cover the steam-ports. Block 
it with wood at both ends so that it cannot move. Put 
on the lid, disconnect the valve-rod and tie or clamp it 
to clear the rocker. Take off the main rod and block, 
the cross-head. The engine is then ready to go with 
all the train it can haul. If the valve- stem is broke 
inside the steam-chesty take the stem out and plug up 
the stuffing-box with a wad of waste or packing, using 
the gland to hold it there. Block the valve and discon- 
nect same as above. 
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VALVE BROKEN, 
Take the valve out. Lay a piece of inch board with 
one flat surface on the valve-seat. Have the board 
large enough to cover all the ports. Lay the valve on 
top of the board, in the centre of the chest ; block the 
board and valve so that they cannot move ; leave the 
valve- yoke out; put on the steam-chest lid ; plug up 
the stuffing-box with a wad of waste or packing, using 
the gland to hold it there ; take off the main rod and 
block cross- head. The engine is then ready to go with 
all the cars it can haul. 
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VALVE-ROD OR VALVE-STEM OUTSIDE OF STEAM^ 
CHEST OR TOP-ROCKER ARM BROKEN. 

Take the broken parts off. Cover the ports with the 
valve. Clamp the valve-stem so that the valve cannot 
move. Take off the main-rod and block the cross-head. 
The engine is then ready to go with all the cars it can 
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BROKEN VALVE-SEAT. 

Disconnect the valve-rod. If front port is broken 
push the valve back so as to cover exhaust and back 
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Steam -ports. Block the valve so that it cannot move ; 
tie the valve-rod to clear the rocker-arm ; take down 
the main rod and block the cross-head. If the back 
port is broken^ block the valve so as to cover the exhaust 
and front steam-ports ; tie or clamp the valve-rod to 
clear the rocker-arm. Take down main-rod and block 
cross-head. If the bridge between the exhaust nnd 
steam-ports is broken^ block the valve so as to cover 
all the ports, then with the main rod off, cross- head 
blocked and valve-rod clear of the rocker, the engine 
is ready to go with all the cars it can haul. 



i 



<■» ■ 



SADDLE-PIN, LIFTER OR LIFTING-ARM BROKEN. 

Take the link-lifter off. Fit a piece of wood in the 
slot between the top of the link and link-block for the 
link to rest on, make the block long enough to hold 
the link as high as you desire to have the engine cut off 
and tie the block in its place. Run carefully. 

BOTTOM ROCKER-ARM BROKEN. 
Take down both eccentric rods and straps on that 
side. Cover the ports with the valve ;. clamp the valve- 
stem so that the valve cannot move ; take the link off 
by disconnecting the link-lifter from the lifting arm ; 
take down the main rod and block the cross head. The 
engine is then ready to go with all the cars it can haul. 
(It is not always necessary to take the link off; some 

judgment must be used here.) 

■ <•» • 

BROKEN TUMBDNG-SHAFT OR REACH-ROD. 

Fit pieces of wood in the slots of both links, to hold 
the link as high as desired. As you cannot reverse, 
run very carefully, and control the engine with the 
brakes. dj^ 

TO FIND AN ENGINE CENTRE. \ 

In case of a slipped eccentric or to find an engine S 

centre for any purpose, get a piece of board 18 to 20 X 
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inches long having oiie straight edge, get the engine 
as near the centre by the eye as you can, then lay the 
straight edge on top of the back end of main rod strap, 
allowing it to project as far as the main driving axle ; 
then move the engine until the outer edge of the axle 
will show an equal space when the straight edge is 
pressed against the bottom of the strap as it shows 
when on top of the strap. You will then have the 
engine on its dead-centre. If you have a pair of divid- 
ers scribe a circle the exapt size of the strap, around I 
the driving axle, then move the engine until the straight- 
edge shows that the strap is in line with the circle from 
top and bottom of strap. 



SLIPPED ECCENTRIC. 

On engines having rock shafts, the eccentric always 
follows the crank pin in the direction that the Engine 
is moving; for example, if the engine is on its forward 
centre, the forward motion eccentric should be up- 
wards and the- back motion downwards, each inclining 
a little ahead, so you can always tell if an eccentric is 
out of place by its position with the crank- pin on its 
own side. If you find that an eccentric has slipped, 
get the engine on forward centre, and if for example, 
torward motion eccentric is slipped, put the reverse- 
lever in extreme back notch; mark the valve stem 
close to the gland, then put the reverse-lever in ex- 
treme forward motion notch and turn the loose eccen- 
tric until the mark on the valve-stem comes to the 
place where it was made ; then secure the eccentric 
with the set-screws. Be sure that the full part of 
) Qip eccentric is above the crank and the full part 
\ ofthe other is below the crank. Both eccentrics must 
? not be in the same position on the axle. Use the for- 
S ward centre for setting either back or forward motion 
\ eccentrics. 
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LAP AKD LEAD OF VALVES. 

When an Engine- is on its dead centre, if the valve 
shows that the steam port is open the si^ of the open- 
ing is called the outside lead, the difference of the 
distance between the out edges of the steam ports and 
the length of the valve, gives the amount of outside 
lap. For example: Jf one steam port is one inch, 
the bridge i inch, then the 'exhaust port 2j4 inches, 
then the other bridge i inch, and last the other steam 
port I inch, it makes altogether 6j4 inches ; now sup- 
pose the valve to be 8 inches long, it has ij4 inches 
outside lap ; to get the lead on the e^^haust measure 
from the inside edge of one steam port to the outside 
edge of the other steam port, which includes both 
bridges, the exhaust port and one steam port, subtract 
this distance from the space on the valve, measuring 
from the out edge of the valve to opposite edge of the 
cavity in the valve, including the cavity. For example : 
Suppose the exhaust port to be 2^ inches, each bridge 
t inch, making 2 inches more, and one steam port i 
inch making altogether 51^ inches; now suppose the 
cavity of *the valve to be- 4j4 inches, and one edge 
of the valve to be 1^ inches, you have altogether 
6^ inches; subtract the 5^ inches and you have 
% of an inch, which is the amount of lead on thp 
exhaust. 
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LAMEFXHAUST AND SETTING SLIDE-VALVES. 

An engine may become lame in the sounds of its ex- 
haust in four ways : ist — The valves may need divid- 
ing. 2d — An eccentric or strap or some of the valve- 
gear may become loose. 3rd — One exhaust no^le ^ 
may become choked or closed smaller than the other. > 
4th — A main-rod may have been lined too long or \ 
too short ; in either of these cases an engine will not { 
beat square. The quickest way to divide valves, is by 
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the sound of the exhaust Watch the cross-head and 
if a heavy beat occurs as it comes near the back centre, 
shorten the eccentric rod. If the heavy beat is on the 
front centre, lengthen the eccentric rod. This rule 
applies to forward or back motion. Do not lengthen 
or shorten more than a sixteenth of an inch, this may 
be too much or too little — a few exhausts will tell you. 
Another plan is to move the engine over its centres and 
make a mark on the guides at both centres and at the 
eixact point at which the cross-heads stop ; then open 
the cylinder cocks and move the engine until steam 
begins to come from one of the cocks ; then measure 
the distance that the cross-head has traveled from that 
centre. If steam came from front cylinder-cock meas- 
ure from front centre, then move the engine in the 
same direction, (having the reverse lever always in the 
same notch) until steam begins to come from the other 
cylinder-cock (qp the same side,) and measure the 
distance traveled from that centre. If the distance 
traveled from the front centre is greater than that trav- 
eled from the back centre, shorten the eccentric-rod ; 
but if the distance traveled from the back centre is 
greatest, lengthen the eccentric-rod ; then try the meas- 
urements on the cross-head again and lengthen or 
shorten the eccentric-rod until the distances traveled 
by the cross-head are equal. (It will answer the same 
purpose if the engine is moved until it gets to the exact 
points at which the steam ceases to come from the 
cocks instead of the points at which it begins to come.) 
Always move the engine ahead to set forward motion 
and back for back motion. This rule also applies to 
back and forward motion, and both rules apply to 
CEjgines having rock-shafts only. If the engine has no 
rock- shaft use the words lengthen for shorten and 
shorten for lengthen the eccentric-rods in both rules. 
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DIVIDING VALVES WITH LIDS OFF. 

Find and mark on the guides the exact points at 
which the cross-heads stop at both ends of the guides, 
examine the eccentrics and see that they are in proper 
position on the axle > that is, when the engine is on its 
front centre (if the Engine has rock shafts) the full part 
of the forward motion eccentric is upward and the 
back motion downward. Then put the reverse lever 
in the notch where the engine is usually worked, say 
the 4th from the front. T/ie engine is now on its for- 
ward centre. Now bar her ahead (or move her with 
another engine.) As the engine is moved the valve 
will move back for a whrie and then return, then as 
soon as the front edge of the valve is just even with 
the front edge of the steam- port, stop moving the engine 
and measure from the mark you made on the front end 
of the guide to the front edge of the cross-head. Note 
this measurement. Let us suppose it was 1 1 inches ; 
now move the engine until the back edge of the valve 
is just even with the back edge of the back steam-port, 
then measure the distance that the cross- head has 
moved from the mark made on the back end of the 
guides. We will suppose this to be 13 inches, which 
shows that the valve did not move far enough back, 
consequently the eccentric rod must be lengthened 
(or the valve-rod shortened) to cause the valve to cut 
the steam off when the cross-head has moved 1 2 inches 
from each end of the stroke, then divide the other 
valve in the same manner, put the reverse lever in 
a similar notch, (say the 4th from the back) and 
divide the back motion, moving the engine backward. 
Pay no attention to full stroke, that will be all right 
if they show right in the fourth or any of the other 
notches. If the Engine has no rock shafts use the 
words shorten for lengthen and lengthen for shorten 
in this rule. A' 
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BROKEN PARALLEL-ROD OR STRAP. 

Take it off; also the rod on the opposite side. If 
a back rod on a six-wheel connected engine breaks, 
only the back rods need come off. If the front paral- 
lel rod is broken, all the parallel-rods must come off 
on both sides. You can run with main rods but must 
leave your train and notify head-quarters at next tele- 
graph station. 
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SPRING OR SPRING-HANGERS BROKEN. 

If driving spring or hanger, take it out. Jack the 

engine up behind ; pry up the low end of the equalizer, 

until it IS level and block with hard wood. Take out 

the spring-saddle and block with hard wood between 

the driving box and frame. If you have no jacks, 

block up close on the tops of all the driving boxes 

using nuts or washers, and run the pair of wheels that 

have broken springs on wedges or blocks of wood ; 

this will ease the strain on the good spring, and you can 

then pry up the equalizer and block it, then remove the 

wedges from under the drirers and run the wheels with 

good springs on the wedges. This will give space to 

put a block on top of the driving box with the broken 

spring, then run the engine off the wedges, remove the 

nuts from the tops of the driving boxes and you are 

ready to go. 

« »» « 

BROKEN CRANK-PINS. 
If main crank-pin breaks, take off main rod on that 
side and all parallel-rods on both sides. Block the 
cross-head ; disconnect the valve-rod^ on that side ; 
cover the ports with valve ; clamp the valve- stem and 
tie the valve-rod to clear the rocker. Leave the train 
and run with one main rod to next telegraph station 
and report condition of engine. If a front crank-pin 
is broken, take off all parallel-rods \ leave the train and 
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run to next telegraph station and report. If back crank- 
pin is broken, take off both back parallel-rods and then 
you are ready to go on. 
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BROKEN EQUALIZER. 

Take it out, also the springs to which it is attached* 
Jack that side of the engine as high as the other side : 
take out the spring-saddles (if you can) and block up 
close with nuts and washers on the tops of the driving 
boxes where the broken equalizer was. If you have 
no jacks, block with nuts on top of all driving boxes > 
move one pair of drivers that has no spring over it on 
to wedges or blocks, and block with hard wood on top 
of the driving box that has wheels resting on the rail ; 
then remove the wedges and place them under the 
other driving-wheels. Move the engine on them and 
block on top of the other driving box. Remove the 
wedges and all nuts used for blocking on the other 
boxes, and you are ready to go. 
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TIRES BROKEN. 

If main tire, send by nearest telegraph station to 
head- quarters for assistance. 
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FRONT TIRE. 

Run the wheels with broken tire on blocks or wedges 
to raise them high enough to clear the rail. Take out 
the oil cellars ; put blocks of wood between the axle 
and pedestal caps ; slack the front parallel-rod keys* 
You need not take side-rods' off. Run slow. 
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BACK TIRE. 

See item special cases of broken tires on page 24. 

Take off both back parallel rods ; run the wheels on 

wedges or blocks high enough to clear the rails ; take 

out the oil celiars, and block with wood betwe en the 
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axle and pedestal caps, leave the train and run slow to 
next telegraph station and ask for orders. 

■ <■» ■ 7 

ENGINE TRUCK WHEEL OR AXLE BROKEN. 

Jack it up clear of track and chain it there, then run 

very slowly, especially over frogs, to next siding, and 

send word to head- quarters from nearest telegraph 

station. 

■ <•» ■ 

FLANGES OF WHEELS BROKEN. 

Run very slow especially over frogs. 

1 <•» ■ 

CRIVING AXLES BROKEN. 

tf front driving axle on a six-wheel connected engine or back 
driving axle on a four-wheel connected engine is broken. 

Take off- all parallel- rods; if axle is broken out- 
side of the driving box remove the wheel that is 
broken off, and block up the axle from the pedestal 
cap ; see that the axle is parallel with the other axles 
and allow the good wheel to rest on the rail. If the 
axle is broken inside of the driving box, so that the 
wheel eannot be removed, raise the wheels with broken 
axle to clear the rails and block them from the pedestal 
caps. You must leave your train and move very slowly 
and cautiously to next telegraph station and notify 
head-quarters. 

Back driving a^le on a six-wheel connected engine Broken, 

If axle is broken outside of box remove the wheel 
that is broken off; take off both back parallel-rods, 
block up the axle from the pedestal cap as near parallel 
with the other axles as possible, allow the good wheel 
to rest on the rail, leave the train and run slowly to 
next telegraph station and report. If the axle is broken 
inside of the bearings take off both parallel- rods and 
raise both wheels to clear the rails, blocking from the 
> pedestal caps and proceed without train. 5 
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Main Driving Axle Broken. 

If broken outside of driving box, take off all parallel- 
rods, remove the wheel that is broken off, take off main 
rod, block cross- head, disconnect va,lve-rod, and cover 
ports with valve and clamp valve-stem on disabled 
side ; block up broken end of axle from pedestal cap ; 
leave the train and move engine very slowly to next 
telegraph station and report to head-quarters. • If main 
driving axle is broken inside of driving box, all you can 
do is to report to head -quarters from nearest telegraph 
station, and prepare the engine to be towed. 

Special cases of broken tires and bent and broken driving axles. 

In some cases driving axles cannot be supported 
from the pedestal caps, as for example : The rear 
drivers of a Mogul Engine. In all these cases discon- 
nect the Engine the same as directed above, then get a 
piece of timber or rail road bar about the length of the 
axle and run it through between the arms or spokes of 
the wheel, catching both wheels on that axle ; this of 
course will prevent them from turning. Then if your 
main axle is not disabled, you can run your Engine to 
the nearest siding with the wheels sliding and ask 
head-quarters for orders from the nearest telegraph 
station. 



■ <•> ■ 



TENDER WHEEL OR AXLE BROKEN. 
Lay a piece of timber (a railroad bar of proper length 
or a cross- tie will do,) across the top of the tank #n the 
apron ; put blocking under the timber so that the apron 
may not be damaged ; jack up the broken wheel or 
axle and chain both ends of the truck to the timber to 
hold the wheels clear of the rail. 



ENGINE BLOWING. 

An engine may seem to be blowing if the exhaust 
nozzles are badly choked, but if an engine blows only 
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while passing its, centres, something is wrong with the 
packing in the cylinder. For example : if the right 
side packing is slack the blow will occur while the 
engine is passing both front and back centres on the 
right side. If the blow occurs while passing over one 
centre only, and does not blow while passing over the 
other centre on the same side, there is a hole in the 
follower or spider on that side, or if steam-packing is 
used in the cylinder, one of the rings is broken, in 
which case steam will cotpe from both cylinder- cocks 
on that side while the cross-head is passing the blbwing 
centre. If steam does not issue from both cocks at that 
point the blow is on the other side of the engine and is 
either a broken valve or valve -seat, a loose valve-seat 
or a hole or crack in one of the steam-port bridges. 
If an engine blows constantly while in motion, the 
trouble is in the valves or steam-pipes. If while an 
engine is working, steam comes at the same time from 
both cylinder- cocks when the upper arm of the rock- 
shaft is perpendicular, the valve is blowing on that 
side. It may need facings, or sudden heavy reversing 
may have caused it to become cocked or to stick fast in 
its yoke, in which case take out the steam-chest tallow 
cup and with a punch drive the valve down ; or the 
reversing may nave bent the valve- stem, and if a valve- 
stem is bent only a little the valve will blow under a 
light throttle, but may not blow while the engine is 
pulliilg heavy. If an engine is standing, steam will 
not come, from the cylinder- cocks on the side that has 
the ports covered, even if the valve does blow. Unless 
the engine is moving, the steam will pass directly through 
the exhaust up the stack. A leaking steam pipe makes 
a noise like a blower, sometimes caused by joints 
becoming loose. If you have any doubt about which 
side the engine is blowing, open the smoke box door 
and give her a little steam, you can then see which 
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exhaust-pipe the steam comes from, which will show 
the side that is blowing. Then if you have any doubt 
about, whether it is valve or packing, get the engine at 
half-stroke, take off the front cylinder-head and arrange 
the valve to admit steam back of the-piston, you can 
then see if the steam comes from the steam-port or 
packing. 
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SETTING UP WEDGES. 

Do not be deceived and think wedges are slack when 
running on a rough road, or when the ground is frozen 
solid. Engines should have steam up to have wedges 
adjusted. Get the engine on a level and straight track, 
then get her at half stroke on one side with crank-pin 
upward \ then block the wheels on the other side, so 
that when the engine is moved against the blocks the 
driving boxes will press the shoes, leaving the wedges 
free ; move the engine against the blocks, and slack all 
the side-rod keys. Be sure that the rods are all loose, 
that there is no steam in the cylinder, and that the 
axles are parallel with each other. You must use a 
tram to find this out. Then set up all the wedges on 5 
the side that is on half centre ; screw them up solid, 
and make a mark on the pedestal. Then draw them 
down until in your judgment they are free enough, 
usually about one-eighth of an inch. If there is any 
lost motion in the wedge bolt, fit pieces of hard wood 
between the wedge and pedestal cap and drapr the 
wedge down solid on them. Then get the ene:ine 
on lialf-stroke on the other side. Use every wedge 
in the same manner. Don't forget to jam the lock-nuts. 
You will then want to key the side-rods. To, do this, 
get the engine on its parallel centre and key that side, 
beginning at the main pin. Be sure that the other ends 
of the rod are free. Do not key too tight. Remember 
that the engine is on a straight track, and when it gets 
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on a curve the rods will be cramped, and if you do not 
give them play, they will take it and probably hot pins 
or cut brass will be the result. After keying the main 
pin brasses, key the back end, then on a six-wheel con- 
nected engine y Key the front end. On an eight-wheel 
connected engine, key the front pin last, then place the 
engine on its parallel centre on the other side and key 
that side in the same manner. Then move the engine 
on the other centres opposite to those on which they 
were keyed and see that the rods are free. It is well 
also to try them' on quarter centres, as on old engines 
the pins are apt to be worn out of true. Leave your 
side rods free — it is no injury to have them rattle a lit- 
tle, especially if the driving boxes are well worn. It 
takes power away from the engine if side rods are snug. 
Key i^^back end of a main-rod on centre, and be sure 
you have all the steam out of the cylinder. Key the 
front end of a main -rod on the down half centre, and 
no steam in the cylinder. 
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FILING AND LINING ROD BRASSES. 

Do not file one pair of side-rod brasses, without exam- 
ining all of the others ; do not have one pair loose and 
the others snug — all should be filed and lined alike. 
Use calipers and a flat surface of some kind. Caliper 
the brasses between the edges to be filed and the back 
of the brass. File until both edges caliper alike, then 
test tlie edges filed on some flat surface ; if the brass 
rocks, file the high places until the brass is true. Only 
file a little at a time and try it often with calipers and 
flat surface. Brasses do not always need filing when 
they knock, sometimes they do not fit the strap, when 
a thin liner can be put between them and the strap. 
Do not file enough ofl" any brass so that keying will 
make them tight on the pin on which it runs. Put the 
brasses in the strap and try them on the pin without ) 
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the rod ; if they will not turn easily on the pin when 
keyed solid, they are filed too much and should be lined 
between their edges. In lining up rods put all the 
liners in with the brasses that is possible to get in ; put 
in one thick liner in preference to a number of small 
ones. If it is necessary to put thick and thin liners on 
the key side of the brass put the thick liner next to the 
key. If rod brasses that have been running well take 
to heating, clean and oil ihem well, but do not file the 
bearings. 

In lining main rod brasses^ first be careful to look 
for marks on the guides showing how much the piston 
clears the cylinder-heads, and see that the clearance is 
equal on the front and back ; get some one to move 
the engine very slowly while you watch the cross-heads 
as they approach the ends of the stroke, then line so as 
to make the clearance equal at each end. 
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TO LINE PARALLEL ROD-BRASSES 

Get the engine on a level and straight track, and on 
its parallel centre — that is the centres of the axles and 
the centres of the crank-pins — all in a line parallel with 
and the same height from the track ; then begin at the 
main pin and divide the liners so that the brasses and 
liners together, are of equal thickness in front and 
back of the pin ; then put lip that end of the rod, draw 
the bolts solid and adjust the key. Then prop up the 
back end of the rod level with the back pin entering 
the front brass ; fill up the space between the end of 
the rod and the brass with liners ; then put on the back 
strap with brass ; put the bolts in, draw them solid and 
key the back brasses. On a six-wheel connected 
engine, begin at the main pin, then put up the front 
end leaving the back brasses to the last. No tram is 
needed to line up rods. All parallel rod brasses should 
be lined and keyed on the parallel centre. There is 
no occasion to tram pin centres. If the hub centres 
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are in tram, and the engine is lined on the parallel 
centres the pins must come right unless they or the 
axles are bent. 

CYLINDER PACKING. . 
You can tell on which side packing is out of order by 
watching the cross-heads. If the blow occurs immedi- 
ately after passing the centres that side packing is slack 
or out of order. To set it out, get the cross- head close 
to the end of the stroke on the front centre, say about 
half an inch before it arrives at the end of the stroke, 
moving the engine ahead. You can then cover the 
ports with the valve on that side and keep steam out of 
that cylinder; then take off the cylinder-head and fol-' 
lower, make a mark on the cylinder-head ; also, on the 
follower before you take them down, so that you can 
put them up to the same places. (Sometimes the holes 
only suit one way). Be careful to lay the cylinder- 
head nuts, and follower -bolts in such a manner when 
you remove them that you will be able to put them 
back where you found them. Then with a pair of 
inside calipers or stick of proper length, get the piston 
in the centre of the cylinder, pressing the packing only 
enough to lay against the cylinder ; then jam the nuts. 
After the jam nut is fairly against the other nut, use 
two wrenches and jam as much back no one nut as 
ahead against the other, or you will make the packing 
too tight \ then tap the springs with a hammer and see 
that they are only reasonably snug — be sure that the 
packing lay against the cylinder all around ; if it does 
. not the packing should be taken out and the cause ascer- 
tained and remedied, if possible. After the packing is 
set out, clean off the follower and put it on \ see that 
the heads of the follower-bolts press the follower and 
that their ends do not touch bottom, then clean the cyl- 
ind6r-head joints and put the head on. In screwing up 
follower bolts and cylinder-head nuts, be sure to get > 



^N^N^\ 



30 

PROTECT YOURSELF FROM APPROACHINd TRAIHS. 



them solid ; use judgment, especially in screwing the 
cylinder-head nuts or you will break the studs. When 
the head is put on, see that the joints lay close together 
all around, then put the top nut on and run it on until 
it just comes against the head, then put the bottom nut 
on in the same manner, then a nut on each side and 
draw them watching that the joints are together all 
around, then put on all the nuts and draw them equally 
all around the head. You will sometimes find after 
removing the follower that the packing is not slack, 
although it seemed so before the follower was taken 
off; this shows that the packing was clamped and held 
by the follower and that the packing is too long — it was 
follower- bound. This can be remedied by placing a 
piece of wrapping paper between the follower and 
spider ; or the packing may be too short, in which case 
a piece of wrapping paper may be placed between the 
packing rings. Packing does not need setting out of if 
it blows only a little at starting — you rob the engine of 
its power'by having it too tight. It should not be snug 
enough to prevent an engine drifting freely. Packing 
should not be allowed to run longer than two months 
without being examined. 



KNOCKS AND THUMPS. 

If you wish to find a thump on an engine, get it in 
position with crank-pin upward on that side, block the 
drivers front and back and get some one to give her a 
little steam and by moving the reverse lever ahead and 
then back several times you can find the defective part. 
The most deceiving of ktiocks to find on an engine is 
when a spider is loose on the piston-rod, or cylinder 
packing is too short — that is when it does not fit between 
the spider and followers. These knocks have deceived 
many old runners: they have supposed them to be 
caused by loose wedges, driving-box crown brasses, s 
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cross-heads, main rod brasses, &c. Loose spiders, or 
short packing, can be detected by a slight blowing 
accompanying a sharp click while the engine is pass- 
ing centers. If the spider is loose on the piston-rod the 
sharpest knock will occur while passing the front centre. 
The noise is similar to that made by a cross-head being 
loose on a piston-rod. These knocks generally come 
suddenly and sound as if there was an inch play some- 
where when the motion is only really as much as a single 
thickness of tissue paper. If a driving box wedge has 
not the proper taper it will cause a thump while engine 
is passing the back centre. It is useless to try to make 
such a wedge work right until it is planed to suit the 
box. These defects can be properly remedied in the 
machine shops only. All knocks are in pistons, cross- 
heads, or connecting-rods. Side rod knocks are 1 ighter 
than any of the others. Thumps are caused by loose 
wedges or driving boxes, loose or cracked pedestals or 
frames. There is quite a difference between a knock 
and a thump, 

AIR PUMP DISABLED. 

If air pump fails, disconnect the pipe leading from 
the air pump to the reservoir ; then try the pump. If it 
will not work something is wrong with the steam-valve. 
The small packing rings may be broken or may stick 
in their cylinders, or some of the small steam or exhaust 
passages may be choked, the end of the exhaust pipe 
may be full of sparks. If the pump does work when 
the air pipe is disconnected, and will not work when 
the. pipe is connected, that pipe or the check-valve 
may be choked with ice or gum. In cold weather if 
the pump will not go to work hold a lighted torch to 
the check chamber and along the air pipe ; you can 
often start them in that manner ; examine the screen 
where the pump receives the air and see that it is clear. 
If air escapes from a brake cylinder in freezing weather, 
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it may be caused by the packing being frozen, or if the 
brakes fail to act, therfe may be ice in the triple valve. 
Try holding a piece of lighted waste under them. If 
a pump works well only one way, something is wrong 
with one of the air valves, or if it works well both 
ways and gauge does not show sufficient air, there is an 
air leak somewhere ; if you cannot find the leak any- 
where else, lock the air in the pipe and see if air does 
not come from the governor exhaust pipe, the dia- 
phragm may be cracked. 

CAUSES OF CUT WHEEL FLANGES. 

If one side of an Engine is lower than the other, the 
wheel flanges will cut on the low side. If the driving 
axles are not square or at right angles with the cylin- 
ders, or if they are not parallel with each other, the 
wheel or wheels that are too far back will cut its Flanges. 
Cut Truck Flanges on an Engine shows that the Engine 
is not in the centre of the truck, the front of the Engine 
should be moved toward the cutting side. An Engine 
not being in the centre of the truck may also cause the 
Front driving wheel Flange to cut on the side opposite 
to which the truck flanges are cutting. 
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EXTENDED SMOKE BOXES. 
If an Engine having an extended smoke box and 
diaphragm, burns the fire too hard at the front of the 
fire box, the apron on the diaphragm should be raised ; 
or if the fire does not burn well and the inside of the 
fire door becomes black, the draught is choked either 
by stopped up flues, or the apron is too low. When 
an Engine has proper draught the inside of the fire door 
becomes white while running. 



CONVEY OR DRAUGHT PIPE. 

If an Engine burns the fire more at the back than I 

the front of the fire box the draught pipe is too low ; J 
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^j if there is a sleeve on the pipe raise it ; if the fire burns 

( most at the front of the fire box the pipe is too high. 

S If an Engine tears the fire the exhaust nozzles may need 

i cleaning, or they may be too small. 

( CARRYING WATER. 

( In running, carry the water in the boiler at as uniform 



height as possible. Engines rarely steam well when 
'. boilers are pumped full then allowed to run low in 
.; water, besides such pumping is wasteful of fuel and 
[ destructive to flues ; a good runner will feed the boiler 
( so that the height of the water will not vary. Never 
( use pumps or injector if it can be avoided unless you 
have a bright fire. On approaching a grade, always 
try to have a good supply of water in the boiler, and 
J if you have to apply pump or injector on a descending 
< grade, be sure to have a bright fire. If you have no 
occasion to supply the boiler on a descending grade, t 
level the fire and cover it. { 
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CYLINDER LUBRICATORS. ^ 

If cylinder lubricators do not feed properly, open all J 
the cocks and take the cap off the lubricator while the 
engine is drifting without steam ; this wil^ draw air 
ftirough them and clean them out. 
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OILING. 

In oiling an engine do not fail to oil the sides of all 
boxes and bearings ; hot boxes and bearings are often 
caused by neglecting this. Hot boxes are mostly causd 
however by the sponging settling away from the jour- 
nals. Oiling on top of a box will be of little benefit 
unless the sponging presses the journal from the oil 
cellar. All rod and guide oil cups should be taken out 
and cleaned every week. If an engine is low on one 
side it may cause the back end of main rod brasses to 
heat or cross-head to work badly on that side. 
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WHAT AN ENGINEER SHOULD ATTEND TO BEFORE 
LEAVING AN ENGINE HOUSE. 

When an engineer is required to take an engine out, 
he should try how much water is in the boiler, and see 
that the fire is in good condition. Examine every part 
of the engine and tender, to see that nothing is broken. 
Test the rod-keys ; don*t depend on set-screws ; try to 
drive every key back with a soft hammer; examine 
every bolt and nut; test the brakes; see that they 
apply and release easily — especially if using automatic 
or air brakes. See that you have a good supply of fuel 
and a tank full of water ; all necessary tools, especially 
for firing, and that all lamps and signals are in good 
order and ready for immediate use ; and that there is 
sufficient oil and tallow and a box full of sand. You 
should also have a pinch-bar and a pair of jacks iq 
good order. If you have no jacks get four wedges of 
oak, about three feet long, four inches square at one 
end, tapered to an edge one way at the other end. 
You should also have an axe and blocking for cross- 
heads, and a hand saw. 

STARTING A TRAIN. 

In starting a train, always have the reverse lever in 
extreme full throw, never cut back ; after the train«is 
well under way cut back one notch at a time ; cut back 
as far as circumstances will permit, run with throttle 
wide open ; you save steam better by cutting back with 
the reverse lever than by closing the throttle, and if 
drifting without steam, place the reverse lever at full 
stroke allowing the valves to have full travel. 
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HINTS TO FIREMEN. 
$ In firing soft coal do not carry a heavy fire. If the 
< fire is clean and the Engine will not steam with a light 
\ fire, your front ash pan damper is too wide open. Two 
shovelfuls at a time is enough if put on the bright spots; 
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leave the door open a little way for a few seconds after 
putting in coal. It helps to consume the smoke ; don't 
use a slash-bar, if you can avoid it. Hook the fire 
lightly, being careful not to mix it, or get green coal 
on the grates. If the fire box has an arch, keep a. 
good space open between the arch and fire. If the 
engine has a heavy train, you will need a heavier fire 
than with a light train and fast run ; always make your 
calculations to fire according to train and speed. Hook 
out all clinkers from the fire as soon as you find them, 
and you will save yourself labor. Do not fire much 
while pumps or injectors are on full. Do all you can 
to assist the engineer and do nothing wnthout first ob- 
taining his permission. Keep all tools and cans clean » 
Help him to oil, and at all work that he is doing ; be 
on hand ready and willing to aid him, and learn what 
he does and how he does it, trying always to anticipate 
his wishes. Keep the ash-pan clean or you will burn 
out the grates. If firing an engine, hauling passengers, 
put the blower on and open the fire door a little on 
approaching a station, as soon as the throttle is closed. 



THE WESTINGHOUSE AUTOMATIC BRAKE. 

The Westinghouse Automatic Brake consists of the 
following essential parts : 

Tke steam engine and pump, which produce the com- 
pressed air; the main reservoir^ in which the com- 
pressed air is stored \ the engineer's brake valve, (some 
engines have a three-way cock instead of a brake- valve,) 
either of which regulates the flow of -air from the main 
reservoir into the brake pipe for releasing the brakes, 
and from the brake pipe to the atmosphere for applying 
the brakes; the main brake pipe, which leads to the 
main reservoir to the three Way cock or engineer's brake 
valve and thence along the train, supplying the appara- 
tus on each vehicle with air ; the auxiliary reservoir, 
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which takes a supply of air from the main reservoir, 
through the brake, pipe, and stores it for its own use on 
its own vehicle ; the brake cylinder ^ which has its pis- 
ton rod attached to the brake levers in such a man- 
ner that, when the piston is forced out by air pressure 
the brakes are applied ; the triple valve y which con- 
nects Jhe latter to the brake cylinder, and is operated 
by a sudden variation of pressure in the brake pipe (i) 
so as to admit air from the auxiliary reservoir to the 
brake cylinder, which applies the brakes, at the same 
time cutting off the communication from the brake pipe 
to the auxiliary reservoir, or (2) to restore the supply 
from the brake pipe to the auxiliary reservoir, at the 
same time letting the air in the brake cylinder escape, 
which releases the brakes; the couplings, which are 
attached to the flexible hose and connect the brake pipe 
frotn one vehicle to another. 

The automatic action of the brake is due to the con- 
struction of the triple valve, the primary parts of which 
are a piston and a slide valve. A reduction of pressure 
in the brake pipe causes the excess of pressure in the 
auxiliary reservoir to force the piston of the triple valve 
down, moving the slide valve so as to allow the air in 
auxiliary reservoir to pass directly into the brake cyl- 
inder and apply the brakes. When the pressure in the 
brake pipe is again increased above that in the auxil- 
iary reservoir the piston is forced up, moving the slide 
valve to its former position, opening communication 
from the brake pipe to the auxiliary reservoir and per- 
mitting the air m the brake cylinder to escape, thus 
releasing the brakes. 

These parts are all shown in the accompanying illus- 
tration, the arrangement being substantially as used on 
the train. 

Thus it will be seen that any reduction of pressure 
in the brake pipes applies the brakes y which is the essen- 
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tial feature of the automatic brake. If the engineer 
wi^es to apply the brakes he moves the handle of the 
engineer's brake valve to the right, which first closes a 
valve retaining the pressure in the main reservoir and 
then permits a portion of the air in the brake pipe to 
escape. To release the brakes he turns the handle to 
its former position, which allows the air in the main 
reservoir to flow into the brake pipe, restoring the 
pressure and releasing the brakes. A valve called the 
conductor's valve, is placed in each car with a cord 
running the length of the car, and any of the train 
men by pulling this cord, can open the valve, which 
allows the air to escape from the brake pipe. Should 
the train break in two, the air in the brake pipe escapes 
and the brakes are applied to both sections of the train ; 
and should a hose or pipe burst, the brakes are also 
automatically applied. 

Th^ gauge shows the pressure in the main reservoir 
and braie pipe when they are connected, and the pres- 
sure in the brake pipe alone when the main reservoir is 
shut off by the movement of the engineer's brake valve. 

The drip cup is placed in the pipe on the tender to 
catch any moisture which may collect. 

The diagram above the engineer's brake valve shows 
the various positions of the handle for applying the 
brakes with any desired degree of force, for releasing 
the brakes, and the position in which the handle is to 
be kept after the brakes have been released. 

HOW TO APPLY AND RELEASE THE WESTING- 
HOUSE AUTOMATIC BRAKE. 

These brakes are applied when the pressure in the 
brake pipe is suddenly reduced, and released when the 
pressure is restored. 

It is of great importance that every engineer should 
bear in mind that the air pressure may sometimes reduce 
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slowly, owing to the steam pressure getting low, or frona 
the stopping of the pump, or from a leakage in some 
of the pipes when one or more cars are detached for 
switching purposes, and that in consequence it has been 
found absolutely necessary to provide each car with 
what is called a leakage valve or leak-hole which per- 
tnits the air pressure to escape without entering the 
brake cylinder, thus preventing the application of the 
brakes when the pressure is slowly reduced as would 
result from any of the above causes. 

In place of this leakage valve or leak hole, the 
Weslinghouse Air Brake Co. are now introducing what 
they call a leakage groove. This is a semi-circular 
groove, nine sixty-fourths of an inch in width and five 
sixty- fourths of an inch in depth cut in the car cylinder, 
and extending so that the piston must travel three 
inches before the groove is covered by the packing 
leather. A small quantity of air, such as results from a 
leak, passing from the triple valve into the car cylinder, 
has the effect of moving the piston slightly forward, 
but not far enough to close the groove, which permits 
the air to flow past the piston. If, however, the brakes 
are applied in the usual manner, the piston will be 
moved forward notwithstanding the slight leak, and 
cover the groove. It is important that this groove 
shall be three inches long and shall not exceed in area 
the dimensions given above. The Westinghouse Air 
Brake Co. give it as there reason for the use of this 
groove, that the leak holes were found too uncertain 
in their operation. 

These provisions against the accidental application of 
the brakes must be taken into consideration, or else it 
will sometimes happen that all of the brakes will not be 
applied when such is the intention, simply because the 
air has been discharged so slowly from the brake pipe 
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that it only tepresents a considerable leakage, and thus 
allows the air under some cars to be wasted. 

It is thus very essential to discharge enough air in the 
first instance, and with sufficient rapidity, to cause all 
of the leak holes to be closed or the grooves covered, 
which 'will remain closed until the brakes have been 
released.. - In no case should the reduction in the brake 
pipe for closing the leak holes or covering the grooves, 
b'e less than four or five pounds, which will move all 
pistons out so that the brake shoes will be only slightly 
bearing against the wheels. After this first reduction 
the pressure can be reduced to suit the circumstances. 

On a long train, if the three-way cock be opened 
suddenly, and then quickly closed, the pressure in the 
brake pipe, as indicated by the gauge, will be suddenly 
and considerably reduced on the engine, and will then 
be increased by the air pressure coming from the rear 
of the train ; hence it is important to always close -the 
three-way cock slowly, and in such li manner that the 
. pressure as indicated by the gauge will not be increased, 
or else the brakes on the engine and tender, and some- 
times on the first one or two cars, will come off when 
they should remain on. It is likewise very important, 
while the brakes are on, to keep the three-way cock in 
such a position that the brake pipe pressure cannot be 
increased by leakage from the main reservoir, for any 
increase of pressure in the brake pipe causes the brakes 
to come off. 

On long down grades it is important to be able to 
control the speed of the train and at the same time to 
maintain a good working pressure. This is easily accom- 
plished where the driving wheel brakes are not operated 
independently of the train brakes by running the pump 
at a good speed, so that the main reservoir will accum- 
ulate a high pressure while the brakes are on. When, 
after using the brake some time, the pressure has been 




reduced to sixty pouDds,-the train pipes and reservoirs 
should be recharged as much as possible before the 
speed has increased to the maximum allowed. A ! 
greater time for recharging is obtained by considerably | 
reducing the speed of the train just before recharging i 
and by taking advantage of the variation in the grades. 
Where the driving wheel brakes are used independently 
of the train brakes, it is unnecessary to reduce the J 
speed of the train, as these brakes can be held on and J 
will hold the train, while the brakes on the train are 
being released to recharge the reservoirs. 
PUMP GOVERNOR. 
The Westinghouse Air Brake Co. are now sending ■ 
out what they call a "Pump Governor." This governor ' 



should be connected to the stud in the side pipe of the i 

pump, with the throttle -valve end of the governor | 

turned downward, which will prevent its being closed ■ 

by the shaking of the engine. Provision is made by J 
the Westinghouse people for attaching -the governor in 

this way, and when so attached, the upper end of the i 

governor must in all cases be connected to the train J 
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pipe. The illustration on page 40 will show clearly 
how this governor should be connected. 

This governor is for regulating the speed of the pump. 
It is set for a certain pressure, say 70 pounds, and when 
the pressure jn the train pipe gets below that at which 
the governor is set, the steam-valve of the governor is 
opened and the pump increases its speed, and raises 
the pressure to the desired point. When the brakes 
are applied the reduction of pressure in the train pipe 
opens the steam valve, and the pump rapidly produces 
a surplus pressure in the main reservoir which insures 
the quick release of the brakes When the governor 
is running, the throttle- valve should be wide open. 
Should the governor leak around the throttle, repacking 
is needed. 

There should not be any safety-valve or leaks in the 
main reservoir, otherwise the necessary surplus pressure 
for quickly recharging cannot be obtained. 

To release the brakes with certainty it is important 
to have a higher pressure in the main reservoir than in 
the main pipe. If an engineer feels that some of his 
brakes are not off, it is best to turn the handle of the 
three-way cock just far enough to shut off the main res* 
ervoir and then pump up fifteen or twenty pounds extra, 
which will insure the release of the brakes ; all of which 
can be done while the train is in motion. 

For ordinary stops, great economy in the use of air 
is effected by, in the first instance, letting out from 
eight to twelve pounds pressure, while the train is at 
speed, taking care to begin a sufficient distance from 
the station. 

The pump should be run constantly, but never faster 
than is necessary to maintain the required air pressure ; 
50 or 60 pounds pressure for low speed trains and from 
70 to 80 pounds pressure for fast trains ; for ordinary 
stops the brakes should be applied lightly by allowing 
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a gradual escape of air from the train pipe, closing the 
cock gently when the pressure has been reduced from 
4 to 8 pounds on the gauge. The brakes are fully 
applied when the pressure shown on the gauge is reduced 
2o pounds ; any further reduction is waste of air. The 
amount of air discharged from the train pipe should 
vary with the speed of the train to be stopped. Too 
much care and moderation cannot be used in applying 
the brakes for ordinary stops ; by applying them at a 
fair distance from the station with moderate force, the 
train is stopped gently, — while if thrown on suddenly 
the train is jerked and wheels are often ruined and 
brake gear damaged. Engineers should remember that 
the same amount of braking force cannot be used at 
both high and low speeds. A force which is apparently 
very moderate at high speed will slide wheels at a slow 
speed — the brakes should be thrown off as the train is 
coming to rest. In releasing the brakes the handle of 
the brake valve should be moved quite against the stop 
and be kept there about ten seconds and then moved 
back against the intermediate stop, which is the feed 
position, and where it must remain while the train is 
running. Engineers, upon finding that the brakes have 
been applied by the train men or automatically, must 
at once aid in stopping the train by turning the handle 
of the brake valve towards the right. If three-way cock 
is used instead of a brake valve close it and leave it 
closed until the defect is remedied ; meanwhile allow 
the pressure to accumulate in the main reservoir, so 
that the train pipe and auxiliary reservoirs can be 
charged when required. 

Engineers should keep the steam cylinder well lubri- 
cated, and use but a small quantity of good quality 
well oil in the air pump cylinder ; do not use carbon 
(or coal) oil in air pump cylinder, as there is danger of 
exploding the main reservoir. When the pump be- 
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comes lazy and wheezy a pint of .weak solution of con- 
centrated lye poured into the air pump cylinder while 
the pump is working, will remove all accumulations of 
gum from the cylinder, valves and pipes, and gives new 
life to the pump. 

Keep the steam and air piston glands nicely packed. 
Attend to them often and don't pack too tight. The 
travel of pistons in driver brake cylinders should not 
exceed 3 or 4 inches. -Drain the water out of the 
main reservoir once a week, especially in freezing 
weather. The water in the main pipe under the tender 
should be drained out every day in freezing weather. 

AIR BRAKE. 

If you wish to use the brake as an air brake and not ' 
autoriiatically, turn to a vertical position the handles 
of all cocks in the train except of the train pipe cock 
(K in diagram,) at the rear end of the last car. 

SPECIAL TO CAR INSPECTORS. 

The brake gear under cars should be so adjusted that 
when the brakes are fully applied that the travel of the 
pistons in the brake cylinders will not exceed 8 or 9 
inches. The pipes and joints must be kept tight. 
The valve for the application of brakes from inside 
the cars should be examined regularly and kept air- 
tight, and when leaks are discovered they should be 
corrected, if serious, before the car is again used. 
The triple valves should be oiled and cleaned once a 
month ; they should also be kept clear of water in 
freezing weather by slacking the bottom nut one half 
turn ; let the water escape and screw it up again — this 
should be done often. The brake cylinder should be 
kept cleaned and oiled every three months. In taking 
up the slack in brake connections, push the levers back 
to their proper places and take up the slack by the 
under-connections or dead levers. 




TO MAKE UP A 
TRAIN. 

After the engine is 
attached to the train, 
see that all the hand 
brakes are off, then 
connect all couplings 
and turn to a vertical 
position the handles 
{pointing down) of 
all train pipe cocks 
(C C in diagram,) 
\§%W except that (K in di- 
() agram) at the rear 
end of last car, — the 
handle of this cock 
must be horizontal. 
The handle of the 
cock connected with 
the triple valve 
should be horizontal 
and the release cock 
F (^whether it be in 
the auxiliary reser- 
voir or cylinder head 
D, or in both places) 
should be closed. — 
The brakes should 
then be tested under 
every car. This test 
should not be made 
until a pressure of at 
least forty pounds in 
the auxiliary reser- 
voirs has been at- 
tained. In making 
the test the engineer 
should lock the air 
in the train pipe by 
placing the handle 
of the three-way cock 
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in a fore and aft position and then notice by. the air 
gauge that the same pressure is retained in the pipe. 
During this test the inspector or train hand should 
ascertain trom the engineer whether there is any indi- 
cation of leakage. If there are no leaks the engineer 
will apply the brakes and release them noting the result. 
Then apply the brakes, after which the person who assists 
in the test should pass along the whole train and see that 
every brake is well applied. The brakes should then be 
released, when they should be again examined to see 
that every brake is free. These tests should be made 
every time cars are attached to a train. 

TO CUT OFF CARS. 

First see that all the brakes in the train are fully re- 
leased, then turn to a horizontal position the handles of 
the train pipe cocks (C C in diagram,) each side of the 
couplings to be separated^ then disconnect the hose by 
hand. 

BRAKES WILL NOT RELEASE. 

If cars having different air pressures be coupled to- 
gether the brakes will apply themselves on those which 
have the highest pressure. In this case, or in case that 
the brake of a car be applied by loss of pressure from 
the train pipe, open the cock in the head of the brake 
cylinder D, or if there is no cock there then turn the 
handle of the release cock F in diagram, to a vertical 
position. When the air has escaped and the brakes 
are fully released, turn the handle back to a horizontal 
position. Should the brake rigging of any car become 
damaged, or should it repeatedly fail to release prompt^ 
ly, turn the handle of the four-way cock (H in dia- 
gram,) to a position half-way between vertical and 
horizontal, and open the release cock F and leave 
them so; this will discontinue the use of the brake on ; 
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that car. TJie brakes may be applied from the train 
in either of three ways : 

First — By raising the lever of the valve in the saloon 
and keeping it raised until the train is stopped. 

Second — ^By uncoupling the hose between any two 
cars. 

Third—By turning to a vertical position the handle 
of the train pipe (K in the diagram) on rear of last car 
in the train. 

Never use these means except in cases of emergency.' 



> 
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APPENDIX. 

RULES FOR THE COURSE TO BE FOLLOWED BY 
THE Bystanders in Cask of Injury when Surgical 
Assistance cannot Be at once Obtained. 

The dangers to be feared in these cases are : Shock or collapse^ 
loss of bloody and unnecessary suffering in the moving of the 
patient. 

I. In shock the injured person lies pale, faint, cold, some- 
times insensible, with labored pulse and breathing. 

Apply external warmth, by wrapping him up (not merely cov- 
ering him over) in blankets, quilts, or extra clothes. Bottles of 
hot water, or hot bricks (not too hot) may also be wrapped up in 
cloths and put to the arm-pits along the sides and between the 
feet if they are uninjured. 

If the patient has not been drinking, give brandy or whiskey 
in table-spoonful doses every 15 or 20 minutes — less frequently 
as he gets better. Food (strong soup is the best) should also be 
given now and then. 

II. In small, clean cut wounds, bring the edges together with 
strips of adhesive plaster; in wounds more than an inch in 
length, unite the edges with stitches. 

If a wound is ragged and torn, clean it as thoroughly as pos- 
sible; then cover it with vaseline and a thick layer of cotton. 
Fix this dressing by applying a bandage as even as possible, and 
with moderate firmness. 

When a limb is evidently broken, place it in as natural a posi- 
tion as possible, until the local surgeon of the company can see 
the patient. 

III. Loss of Blood. — If the patient is not bleeding, do not 
apply any constriction to the limb, but cover the wounded part 
lightly with the softest rags to be had (linen is the best). 

If there is bleeding, check it by pressure with a sponge moist- 
ened with cold or very hot water ; do not try to stop it by bind- 
ing up the wound. The current of the blood to the part must be 
checked. To do this, find the artery, by its beating ; lay a firm 
and even compress or pad (made of cloth or rags rolled up, or a 




-48- 

PERSONAL INJURIES. 



round stone or piece of wood well wrapped) over the artery ; 
tie a handkerchief around the limb and compress ; put a bit of 
stick through the handkerchief and twist the latter up until it is 
iust tight enough to stop the bleeding; then put one end of the 
stick under the handkerchief to prevent untwbting. . 

The artery in the thigh runs along the inner side of the muscle 
in front near the bone. A little above the knee, it passes to the 
back of the bone. In injuries at or above the knee, apply the 
compress high up, on the inner side of the thigh, with the knot 
on the outer side of the thigh. When the leg is injured below 
the knee, apply the compress at the back of the thigh just above 
the knee and the knot in front. 

The artery in the arm runs down the inner side of the large 
muscle in front, quite close to the bone ; low down it gets further 
forward toward the bend of the elbow. It is most easily found 
and compressed a little above the middle. 

Care should be taken to examine the limb from time to time, 
and to lessen the compression if it becomes very cold or purple ; 
tighten up the handkerchief again if the bleeding begins afresh. 

IV. To Transport a Wounded Person Comfortably. — 
Make a soft and even bed for the injured part, of straw, folded 
blankets, quilts, or pillows laid on a board, with side-pieces of 
board nailed on, where this can be done. If possible let the 
patient be laid on a door, shutter, settee, or some firm support^ 

f)roperly covered. Have sufficient force to lift him steadily, and 
et those who bear him not keep step. 

V. Should any important arteries be opened, apply the hand* 
kerchief as recommended. Secure the vessel by a sui^eon*s 
dressing forceps, or by a hook, then have a silk ligature put 
around the vessel and tighten tight. 

VI. Should the bleeding be from arterial vessels of small size, 
apply the persulphate op iron, either in tincture or in powder, 
by wetting a piece of lint or sponge with the solution, then, after 
bleeding ceases, apply a compress against the parts to sustain 
them during the application of the persulphate of iron, and to 
prevent further bleeding should it occur. The persulphate of 
iron should be kept on hand in all workshops. 

Send for a Physician in all cases. 
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FOR BURNS OR SCALDS. 

In the early stage, soon after the accident, if there is n6 separ- 
ation of the skin, do not cut the bladder, but allow the bladder of 
water ^ of whatever size, to remain untouched; merely dress it 
with a piece of linen or muslin, lightly coated with simple cerate. 

If the parts are denuded of the skin, dress the part with cotton, 
the object being to exclude the air and prevent suppuration. If 
cotton cannot be procured, apply any covering until you can have 
an ointment made of beeswax and sweet oil, equal parts, or lime 
water and linseed oil ; or lay on scraped potatoes or carrots, or 
sprinkle flour on the injured surface when the above cannot be 
procured. Flour is troublesome in its removal. 

If the scald is extensive and on the body, cold applications 
are not proper ; then use warm fomentations, or, in the case of 
a child, the warm bath. Keep the air from the wound as much 
as possible ; do not remove the dressing often. When a cold lotion 
is used, pour it upon the rags, letting them remain undisturbed. 
A little baking soda placed upon a bum will allay the pain. 

BRUISES. 

Use tepid applications at first. After inflammation has sub- 
sided, use stimulating applications, as vinegar and water, alcohol, 
camphorated liniment. 

SPRAINS. 

Elevate the limb ; keep the joint perfectly quiet ; apply luke- 
warm lotions or fomentations. When inflammation has ceased, 
apply stimulating liniments and bandages ; shower the part with 
cold water, alternating with warm water. 

TO RESTORE PERSONS AFFECTED BY COLD. 

For Frost-Bite or Numbness. — Restore \i2in£i^ gradually^ 
in proportion as circulation in the parts or body increases. 

For a Frozen Limb. — Rub with snow, and place in cold wa- 
ter for a short time. When sensation returns, place again in cold 
water; add heat very gradually, by adding warm water. 

If Apparently Dead or Insensible. — Strip entirely of 
clothes, and cover body, with exception of mouth and nostrils, 
with SNOW or ice cold water. When body is thawed, dry it; 
place it in a cold bed ; rub with warm hands under the cover ; 
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continue this for hours. If life appears, give small injections of 
camphor and water ; put a drop of spirits of camphor on tongue ; 
then rub body with spirits and water, finally with spirits ; then 
give tea, coffee, or brandy and water. 

Send for a physician in all cases, 

APPARENT DEATH FROM BREATHING NOXIOUS 
VAPOR, AS IN WELLS, &c. 

If insensible, expose person in the open air ; sprinkle cold 
water on face and head; rub strong vinegar about nostrils; 
give drink of vinegar and water. If suffocated by breathing 
fumes of charcoal, proceed as above, and excite breathing as in 
remedy given in cases of drowning. 

Send for a physician in all cases. 

To purify wells, &c., shower water down them until a candle 
will bum at the bottom with a clear flame. 

RULES FOR ACCIDENTS ON WATER. 

When upset in a boat, or thrown into the water and unable to 
swim, draw the breath in well ; keep the mouth tight shut ; do 
not struggle and throw the arms up, but yield quietly to the wa- 
ter ; hold the head well up, and stretch out the hands only helcm 
the water ; to throw the hands or feet «/, will pitch the head 
dawn, and cause the whole person to go immediately under wa- 
ter. Keep the head above, and everySiing else under water. 

METHOD TO BE USED IN CASES OF DROWNING. 

Dr. Marshal Hall's Remedy. 
Send for a physician in all cases. 

1st. Treat the patient instantly on the spot, in the open 
AIR, freely exposing the face, neck, and chest to the breeze, ex- 
cept in severe weather. 

2d. In order to clear the throat, place the patient gently 
on the face, with one wrist under the forehead, that all fluid, and 
the tongue itself, may fall forward, and leave the entrance into 
the windpipe free. 

_ ^ 

LSd. To EXCITE RESPIRATION, tum the patient slightly on his 
side, and apply some irritating or stimulating agent to the nostrils, 
^1 



— s> — 

PERSONAL INJURIE?. 



as VERATRINE, DILUTE AMMONIA, etc. — as snuff, cr apply a 
feather to the throat. 

4th, Make the face warm by brisk friction ; then dash cold 
water upon it. 

5M. If not successful, lose no time ; but, TO imitate respi- 
ration, place the patient on his face, and turn the body gently, 
but completely ON THE side, and a little beyond; then again 
on the face, and so on alternately. Repeat these movements 
delil>erately and persistently fifteen times only in a minute. 
(When the patient lies on the breast, this cavity is compressed 
by the weight of the body, ^jcpiration takes place. When he is 
turned on the side this pressure is removed and mspiration occurs.) 

6th. When the prone position is resumed, make a uniform and 
efficient pressure along the spine, removing the pressure im» 
mediately, before rotation on the side. (The pressure augments 
the ^^piration ; the rotation commences inspiration.) Continue 
these measures. 

yth. Rub the. limbs upward with firm prf^sure, and with 
ENERGY. (Th,e object being to aid the return of venous blood 
to the heart.) 

Sih. Substitute for the patient's wet clothing, if possible, such 
other covering as can be instantly procured, each bystander sup- 
plying a coat or cloak, &c. Meantime, and from time to time, 
TO excitk inspiration, let the surface of the body be slapped 
briskly with the hand. 

9M. Rub the body briskly till it is dry and warm, then dash 
cold water upon it, and repeat the rubbing. 

. Avoid the immediate removal of the patient, as it involves a 
PANGEROUS loss OF TIME; also, the use of bellows, or any | 
FORCING instruments; also, the warm bath, and all rough > 

TREATMENT. ♦ 

SUN-STROKE. 

Take the patient immediately into the shade ; place in a half 
recumbent position — head raised ; loosen the clothes about the 
heck and chest ; apply immediately, ice or cold wet cloths to the 
head and nape of the neck, changing them frequently. 

Send for a physician as soon as possible* > 
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Showing the amount of time used in running from 
one Station to another, at different Speeds. 
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0.20 
0.18 

0.16 
0.15 

0.14 
0.13 

012 
0.11 



2.24 
2.10 

2.00 
1.60 

1.42 
1.36 

1.30 
1.24 

1.20 
1.16 

1.12 
1.00 

0.57 
0.48 

0.40 
0.36 

0.32 
0.30 

0.28 
0.26 

0.24 
0.22 



3.36 
3.16 

3 00 
2.46 

2.34 
2.24 

2.15 
2.07 

2.00 
1.63 

1.48 
1.30 

1.26 
1.12 

l.Ol 
0.64 

0.48 
0.46 

0.43 
0.39 

0.36 
0.33 



In using these tables, see in the column to your left hand the speed 
you wish to run on the miles table, then follow that line until it meets 
the number of miles or tenths it is to the place you wish to go, where you 
wiU find the amount of time it takes to run it. For example : if you 
wish to run 17 miles an hour to a place that is 12 miles and 6 tenths dis- 
tant, opposite 17 and under 12 you will find 42 minutes and 24 seconds; 
then opposite 17 and under 6 on the first or tenth table you will find 2 
minutes and 7 seconds, which being added to the 42-<t4, makes 44 min. 
utes and 31 seconds. 
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Showing the amount of time used in running from one 
Station to another, at different Speeds. 



TIME FOR RUNNIKQ. 



b:S 



25 
30 

35 
10 

45 

la 

50 
55 

60 
65 



1 

MILE. 


2 

MILES. 


3 

MILES. 


4 

MILES. 


5 

MILES. 


6 

MILKS. 


7 

MILES 


Hours. 

Minutes. 
Seconds. 


Hours. 

Minutes. 
Seconds 


Hours. 

Minutes. 
Seconds 


Hours. 

Minutes. 

Seconds. 


Hours. 

Minutes. 

Seconds. 


Hours. 

Minutes 
Seconds. 


Hours. 

Minutes. 

Seconds. 



0.06.00 
0.05.27 

0.05.00 
0.04.37 

0.04. W 
0.04.00 

08.45 
03.32 

0.08.20 
0.08.09 

0.03.00 
0.02.30 

02.24 
0.02.00 

0.01.42 
0.01.30 

0.01.20 
0.01.15 

0.01.12 
0.01.05 

0.01.00 
0.00 55 



0.12.00 0.18.00 
0.10 54 0.16.21 

0.10.00 0.15.00 
0.09.14 0.13.51 

0.08.34 0.12.51 
0.08.00 0.12.00 

0.07.30 0.11.15 
0.07.04 0.10.86 

0.06.40 0.10.00 
0.06.19 09.28 

0.06.00 0.09.00 
0.05.00 0.07.80 

0.04.48 0.07.12 
0.04.00 06.00 

0.03.25 0.05.07 
0.03.000.04.30 

0.02.400.04.00 
0.02.30 0.03.45 

0.02.24 0.03.36 



0.02.11 

0.02.00 
0.01 50 



0.03.16 

0.03.00 
02.46 



0.24.00 
0.21.48 

0.20.00 
0.18.28 

0.17.08 
0.16.00 

0.15.00 
0.14.08 

0.13.20 
0.12.88 

0.12.00 
0.10.00 

0.09.36 
0.08.00 

0.06 50 
0.06.00 

0.05.20 
0.05 00 

0.04.48 
0.04.22 

0.04.00 
0.03.41 



o.3o.oo;o.36.oo 

27.15 0.32.42 

0.25.00 0.80.00 
0.23.05!0.27.42 

21.25 0.25.42 
0.20.00 0.24.00 



0.18.45 
0.17.40 

0.16.40 
0.15.47 

0.15.00 
0.12.30 

0.12.00 
0.10.00 

0.08.33 
0.07.30 

0.06.40 
0.06.15 

0.06.00 
0.05.27 

0.05.00 
0.04.36 



0.22.30 
0.21.12 

0.20.00 
0.18.57 

0.18.00 
0.15.00 

14.24 
0.12.00 

0.10.15 
0.09.00 

0.08.00 
0.07.30 

0.07.12 
06 33 

0.06.00 
0.05.32 



0.42.00 
0.38.09 

0.85.00 
0.82.19 

0.29.59 
0.28.00 

0.26.15 
0.24.44 

0.23.20 
0.22.06 

0.21.00 
0.17.30 

0.16.48 
0.14.00 

0.11.58 
0.10.30 

0.09.20 
0.08.45 

0.08.24 
0.07.38 

0.07.00 
0.06.27 



In using these tables, see in the left column the speed you 
wish to run, then follow that line until it meets the number of 
miles it is to the place you wish to go, where you will find the 
amount of time it takes to run it. For example: you wish to 
run 17 miles an hour to a place that is 12 miles off; opposite 17 
and under 12 you find that you have 42 minutes and 24 seconds 
to run the 12 miles at a 17 mile speed. 
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Showing the amount of time used in running from one ] 
Station to another, at different Speeds. 



3 

o 

r 



10 

11 

12 
13 

11 
15 

16 
17 

18 
19 

20 
21 

25 
30 

35 

10 

15 
18 

50 
55 

60 
65 



TIME FOR RUNNING. 



8 

MILES. 


9 

MILES. 


10 

MILES. 


tluurs. 

Minutes. 
Seconds. 


Hours. 

Minutes. 
Seconds. 


Hours. 

Minutes 
Seconds 



11 

MILES. 



12 



MILES. 



13 
MILES. 



11 
MILKS. 



ff % G 

O .S O 



C/3 



e 



3 S 



§ .a o 

S S V) 



e 

s 
o 



S •€ 



.3 W 



vt 



M ID 

§ -5 § 

5 S c?> 



0.48 00 
0.43 36 

0.40 00 
36.66 

0.34.16 
0.32 00 

0.30.00 
0.28.16 

0.26.40 
0.25.16 

0.24.00 
0.20.00 

0.19.12 
0.16.00 

0.13.41 
0.12.00 

0.10.40 
0.10.00 

0.09.36 
0.08 44 

0.08 00 
0.07.22 



54.00 
0.49 03 

0.45.00 
0.41.33 

0.38.33 
0.36,00 

0.33.45 
0.31.48 

80.00 



1.00.00 
0.64.30 

0.60.00 
0.46.10 

0.42.60 
0.40 00 

0.37.30 
0.35.20 

0.33.20 



0.28.25 0.31.35 

0.27.00 30.00 
0.22.30 0.25.00 

0.21.36 0.24 00 
0.18.00 0.20.00 

0.15.23 0.17.08 
0.13 30!0 16.00 

0.12.00 0.13.20 
0.11.16'0.12.30 

0.10.48 0.12.00 
0.09.49.0.10.55 

0.09.00 010.00 
0.08.180.09.13 



1.06.00 
1. 00.00 

0.55 00 
0.50.47 

0.47.07 
0.44.00 

0.41.15 
0.88 52 

36.40 
0.34.44 

33.00 
0.27.30 

0.26.24 
0.22.00 

0.18.48 
0.16 80 

0.14.40 
0.13.45 

0.13.12 
0.12.00 

11.00 
0.10,08 



1. 
1. 

1. 
1. 

0. 



1.12.00 
1.05.24 

1 .00.00 
0.65.24 

0.51.24 
0.48.00,0. 

0.45.00 0. 
0.42.24'0. 

40.00 
0.37.640. 

0.36.0o'o. 
0.80 00 0. 

0.28.480. 
0.24 00 0. 

0.20.31 |o. 
0.18.00 0. 

0.16 00 0. 
0.16.00 

0.14.24 0. 
0.13.06 0. 

0.12.000. 



18.00 
10.51 

05.00 
00.00 

55.41 
62 00 

48.45 
46.56 

43.20 
41.03 

39.00 
32.30 

31.12 
26.00 

22.14 
19.30 

17.20 
16.15 

15.36 
14.11 

18.00 



1.24 00 
1.16.18 

1.10.00 
1.04.88 

1.00.00 
0.56.00 

0.52.30 
0.49.28 

0.46.40 
0.44.13 

0.42.00 
0.35.00 

0.33.36 
0.28.00 

0.23.56 
0.21.00 

0.18.40 
0.17.30 

0.16 48 
0.15.17 

0.14.00 



0.11.04 0.11.69 0.12.54 



J. 



In using these tables, see in the left column the speed you 
wish to run, then follow that line until it meets the number of 
miles it is to the place you wish to go, where you will find the 
amount of time it takes tQ run it. For example : you wish to 
run 17 miles an hour to a place that is 12 miles off; opposite 17 
and under 12 you find that you have 42 minutes and 24 seconds 
to run the 12 miles a a 17 mile speed. \ 
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Showing the amount of time used in running from 
one Station to another, at different Speeds. 





TIME FOR RUNNING. 


•Hour 
es. 


15 
MILK8. 


16 

MILBS. 


17 

MILES. 


18 

MILKS. 


19 

MILKS. 


20 

MILES. 


Speed pci 
in Mi] 


Hours. 

Minutes 

Seconds. 


Hours. 

Minu tes. 
Seconds. 


Hours. 

Minutes. 
Seconds 


Hours 

Minutes. 
Seconds. 


Hours. 

Minutes 

Seconds. 


Hours. 

Minutes 
Seconds. 



10 

11 

12 

13 

li 
15 

16 
17 

18 
19 

20 
24 

25 
30 

35 

iO 

15 
18 

50 
55 

60 
65 



1 30 00 
1.-21.45 

1.15.00 
1.09.16 

1.04.15 
1.00.00 

0.56.16 
0.63.00 

50.00 
0.47.22 

0.45.00 
0.37.30 

0.36.00 
0.30.00 

0.26.39 
0.22.30 

20 00 
0.18.46 

0.18.00 
9.16.22 

0.15.00 
0.13.50 



1.36.00 
1,27.12 

1.20.00 
1.13.52 

1.08.32 
1.04 00 

1.00.00 



1.42.00 
1.32.39 

1.25.00 
1 18.29 

1.12 49 
1.08 00 

1.03.45 



0.66.32 1.00.00 

0.63.200.56.40 
60.32 0.63.41 

48.000.61.00 
0.40 00'0.42.30 

0.38.24 0.40.48 
0.32.00 0.34.00 

0.27.22|o.29.04 
0.24.00:o.26.30 

0.21.20 0.22 40 
0.20.00 0.21.16 

0.19.12 0.20.24 
0.17.28 0.18.33 

0.16.00 0.17.00 
0.14.46 0.16.40 



1.48.00 
1.38.06 

1.30.00 
123.06 

1.17.06 
1.12.00 

1.07.30 
1.03.36 

1.00 00 
0.66.51 

0.64.00 
0.45.00 

48.12 
0.36 00 

0.30.47 
0.27.00 

0.24.0n 
22 30 

0.21.36 
0.19.39 

0.18.00 
0.16.36 



1.64.00 
1.43.33 

1.35.00 
1.27.43 

1.21.23 
1.16.00 

1.11.16 
1.07.08 

1.03.20 
1.00 00 

0.67.00 
0.47.30 

0.46.36 
0.38.00 

0.32.29 
0.28.3li 

0.25.20 
23.45 

22.48 
0.20.44 

0.19.00 
17.31 



2.00.00 
1.49 00 

1.40 00 
1.32.20 

1.25.40 
1.20.00 

1.15.00 
1.10.40 

1 06.40 
103.10 

1.00.(0 
0.50.00 

0.48.00 
0.40.00 

0.34.12 
0.30 00 

0.26.40 
0.25.00 

0.24 00 
21.60 

0.20.00 
0.18.26 



In using these tables see in the left column the speed you 
wish to run, then follow that line until it meets the number 
of miles it is to the place you wish to go where you will find 
the amount of time it takes to run it. For example : you 
wish to run 17 miles an hour to a place that is 12 miles off; 
opposite 1 7 and under 12, you find that you have 42 minutes 
and 24 seconds to run the 12 miles at a 17 mile speed. 
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Showing the amount of time used in running from 
one Station to another, at different Speeds. 



10 
11 

12 
13 

14 
15 

16 
17 

18 
19 

20 
24 

25 
30 

35 
40 

45 
48 

50 
65 

60 
65 



< 


TIME FOR RUNNING. 


r Hour 
es. 


21 

MILES. 


22 23 24 

^MILKS. MILBS MILES. 


25 

MILKS. 


26 

MILES. 


1 

Speed pe 
in Mil 


Hours 

Minutes. 
Seconds. 


Hours. 

Minutes^ 
Seconds. 


Hours. 

MinuJtes 

Seconds 


Hour-* 

Minutes 

Seconds. 


Hours. 

Minutes. 
Seconds 


1 Hours. 
! Minutes. 
Seconds. 



2.06.00 
1.64.27 

1.45.00 
1.86 67 

1.29.67 
1.24.00 

1.18.45 
1.14.12 

1.10.00 
106.19 

1.03.00 
0.52.30 

0.50.24 
0.42.00 

35 56 
0.31.30 



2.12.00 
2.00.00 

1.60.00 



2.18.00 
2 05.21 

1.65 00 



1.41.34 1.46.11 

1 34.14 1.38 31 
1.28.00 1.32.0^ 



1.22 80 1.26.15 
1.17.44 1.21.16 

1.13.2^ 1.16.40 
1.09 29 1.12 38 

1 06.00 1.09.00 
0.66 00 67.80 

0.62.48 55.12 
0.44.00 0.46.00 

0.37.88 39.20 
0.33.00 0.34.30 

0.28.00;0.29.20 0.30.40 
0.26.16|0.27.30 0.28.45 

0.25.12 0.26.24 27.36 
0.22.55 0.24.00JO 25.06 

0.21.00 0.22.r0.0 23.00 
19.22!n.20.17 0.21.12 



2 24.00 
2.10.48 

2.00.00 
1.60.48 

1.42 48 
1.36.00 

1.30.00 
1.24.48 

1.20.00 
1.15.47 

1.12.00 
1.00.00 

0.57.36 
0.48.00 

0.41.03 
0.36.00 

0.32.00 
0.30.00 

0.28.48 
0.26 12 

0.24.00 
0.22.08 



2.30 00 
2.16.16 

2.05.00 
1.56.25 

1.47.05 
1.40.00 

1.33.45 
1.28.20 

128.20 
1.18.56 

1.15.00 
102.30 

1.00.00 
0.60.00 

0.42.45 



2.36 00 
2.21.42 

2.10.00 
2.00.00 

1.51.22 
1 44.00 

137 30 
1.81 52 

1.26.4(' 
1.22 06 

1.18.00 
1.05.00 

1.02.24 
0.52.00 

44.28 



3 



o 

o. 



0.37.30 0.39.00 

0.33.20 0.34.40 
0.31 16 0.32.30 

30.00 0.31.12 



0.27.17 
0.26.00 



28.28 
0.26.00 



0.23 03 0.23.68 



In using these tables see in the left column the speed you 
wish to run, then follow that line until it meets the num- 
ber of miles it is to the place you wish to go where you 
will find the amount of time it takes to run it. For ex- 
ample: you wish to ran 17 miles an hour to a place that 
is 12 miles off; opposite 17 and under 1 2, you find that 
3rou have 42 minutes and 24 seconds to run the 12 miles 
at a 17 niile speed. 
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Showing the amount of time used in running from 
one Station to another, at different Speeds. 



TIME FOR RUNNING. 


i 

«8 


27 28 

MILES. IflLES 


29 30 

MILiES. MILKS. 


Speed pe 
In Mil 


. 8 ^ 
2 3 5 

X s J! 


. 8 ^ 

If 

E S t55 


« 8 -S 

2 3 5 

§ 1 8 

33 S c^ 


i « i 

S S cJ 

8.00.00 
2.43.80 


10 
11 


2.42.00 
2.27.09 


2.48.00|2.54.(K) 
2.32 36 2.38.03 


12 
13 


2.15.00|2.20 00|2 25.00 
2,04 89|2.09.16|2.18.53 


2.80.00 
2.18.80 


11 

15 


1.65.89 
1.48 00 


2.00.00 2 04.18 
l.62.00]1.66.00 


2 08.80 
2 00.00 


16 
17 


1.41.15 
1.85.24 


1.45 0' 

1.38.66 


1 48.45 
1.42.28 


1.52.80 
1.46.00 


18 
19 


1.30.00 
1,25.15 


133.20 
1,28.26 


1.36.40 
1.3L34 


1.40.00 
1.34.45 


20 
2i 


1.21.00 
1.07.30 


1.24.00 
1.10.00 


127.00 
1.12 30 


1.30.00 
1.15.00 • 


25 

30 


1.04 48 
0.54.00 


1.07.12 
66.00 


109.36 
0.58.00 


1.12.00 
1.00.00 


35 

iO 


0.4(5.1 IJO. 47.63 
0.40.30 0.42.00 


0.49.36 
0.43.30 


0.51.19 
0.45.00 


45 
18 


O.86.0O 
0.33.45 


0.87.20 
0.36.00 


0.38.40 0.40 00 
0.86.16 0.37.30 


50 
55 


32 24 
0.29.28 


33.36 34 48 0,86.00 
0.80,34 0.31.39,0.82.45 


60 
65 


27.00 0.28.00'0.29.00'0.80.00 
24.54'0.26.49;0.26.44 0.27.40 



B 



Fractions of seconds are included in above tables only 
when they amount to a full second. 

JH&^A copy of these Tables, printed on cards very con- 
veniently arranged for reference, can be had for 20 cents. 

**^' S. A. ALEXANDEB, 

Lo^ Box 258, 70BS, FA. 
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The price of this book is one dollar. 
Amount can be sent by Money Order, 
Postal Note, or Registered Letter. Cash 
must accompany all orders. No books 
will be sent C. O. D* 



ADDRESS, 



S. A. ALEXANDER, 

Lock Box 258, 

York, Penn'a. 
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